Introduction 29
China is the largest iron and steel production (ISP) Zhang et al., 2015a) . In these studies, Hg emissions were determined as the product 37 of crude steel production and unique emission factor of 0.04 g/t steel produced which did not 38 consider the emissions from roasting plant and coke oven (two processes of ISP). However, 39 
, ,
where, EF was emission factor, g/t; x was studied process; k was speciated Hg; j was the 97 type of consumed raw material; C was Hg concentration in the consumed raw material, ng/g 98 (see section 2.2.1); M was the consumption of raw material, Mt (see section 2.2.2); S was the 99 production of crude steel, Mt (see section 2.2.2). γ was Hg release rate, which meant the 100 percentage of Hg released to flue gas from raw material, %. Hg release rate were collected 101 from field experiment studies (Table S1 ). That was 98% for roasting plant, 80% for coke 102 oven, 85% for sinter/pellet plant, 98% for blast furnace, 80% for oxygen steel making furnace, 103 and 95% for arc steel making furnace. m referred to the type of APCD combination (see 104 section 2.2.3); δ was the proportion of different Hg speciation (see section 2.2.3), %; θ was 105 the application rate of different APCD combinations (see section 2.2.3), %; η was Hg removal 106 efficiency (see section 2.2.3), %. 107
Parameters for model 2.2 108
Hg concentrations in raw materials 2.2.1 109
For the long process steel making method, the dominant raw materials included iron 110 concentrates, iron block, coal, limestone, dolomite, alloy, and steel scrap (Fig. 1) . In the 111 roasting plant, limestone and dolomite were roasted together or separately to make quick lime 112 and caustic dolomite. In the coke oven, washed coal was used to produce coke. In the 113 sinter/pellet plant, iron-containing materials (mainly iron concentrates), quick lime, caustic 114 dolomite, and produced coke (mainly coke breeze) were mixed to produce sintered/pellet 115 block, which were used as raw materials with coal and produced coke in the blast furnace. 116
The produced pig iron from blast furnace and additional scraps were used to produce steel in 117 the oxygen steel making processes. For the short process steel making method, arc steel 118 making process was applied to produce steel by mainly using scraps as raw materials. In each 119
process, Hg input due to the use of intermediated products (e.g., quick lime, caustic dolomite, 120 and coke) was calculated by using mass balance method (Wu et al., 2012) . 121
National sampling and Hg concentration analysis were conducted to construct the Hg 122 concentration databases for the consumed raw materials. The sampling, preparation and 123 analysis methods were described in detail in our previous studies (Wu et al., 2012; Zhang et 124 al., 2012) . Lumex 915M + pyro attachment (with a detection limit of 0.5 ng/g) was applied to 125 analyze Hg concentration by using U.S. EPA Method 7473 (US EPA, 1998). Number of 126 samples and Hg concentrations in dominant raw materials by province were shown in Table 1 . 127 National Hg concentrations (median value) in the consumed iron ores were 20 (0.6-387) ng/g, 128 which were lower than the median value of 30 (0.6-600) ng/g used in the global assessment 129 report (AMAP/UNEP, 2013). Overall Hg concentrations in the consumed coking coal (82 130 ng/g) and pulverized coal injection (PCI) coal (73 ng/g) were lower than the 170 (8-2248) 131 ng/g (Zhang, 2012) used in China's coal combustion sectors but higher than the 55 (50-60) 132 ng/g of global assessment report. Hg concentrations in the limestone were 18 (0.9-2753) ng/g. 133
Although the median value was lower than value of 30 (20-50) ng/g applied in the global 134 assessment report, the variation range was much wider according to our analysis. Hg 135 concentrations (median value) in the dolomite and iron block were 9 ng/g and 19 ng/g. In 136 oxygen and arc steel making processes, the main iron-containing materials were steel scrap, 137 alloy scrap, and pig iron. Hg concentrations (median value) in steel scrap and alloy scrap were 138 48 and 2 ng/g while the concentrations in pig iron were less than detection limit. For province 139 with samples no less than 15, the distribution characteristics of Hg concentrations of the 140 samples were generated by using the batch fit function of Crystalball software. Otherwise, Hg 141 concentrations were assumed to fit normal distribution. 142
Provincial consumptions of raw materials 2.2.2 143
Provincial consumptions of raw materials in 2015 were shown in Table S2 . National 144 limestone consumptions were converted from quick lime consumptions (Ma, 2011) by using 145 the factor of 1.95 t limestone to produce 1 t quick lime (CISIA, 2001 (CISIA, -2016 (Table S3) . 146 National dolomite consumptions were derived from China steel statistics report (Ma, 1995) The steel scrap was consumed in both oxygen and arc steel making process. 175
Consumptions of steel scrap in oxygen and arc steel making process were approximately 59.4 176 and 361.9 kg/t crude steel produced. Alloy consumptions to produce per t crude steel were 177 16-17 kg in oxygen steel making process and 140-156 kg in arc oxygen making process. 178
Oxygen and arc steel productions were collected directly from yearbooks (CISIA, 2001 (CISIA, -2016 . 179
Based on these ratios, provincial steel scrap and alloy consumptions were converted from 180 provincial crude steel productions. 181
Application rate, Hg removal efficiency, and Hg speciation 2.2.3 182
In the roasting plant, blast furnace, and steel making process, dust collectors such as 183 venturi, cyclone (CYC), wet scrubber (WS), electrostatic precipitator (ESP), and fabric filter 184 (FF) were used for flue gas dedusting. In coke oven process, washed coal were consumed and 185 the flue gas was cleaned with dust collectors or with additional washing scrubbers. For flue 186 gas from sinter/pellet plant, they were generally cleaned with dust collectors. Additional flue 187 gas desulfurization towers (FGD) were gradually applied after 2010. It should be noted that 188 the flue gas after dust collectors were generally collected as coal gas in gasometer. However, 189
rare APCDs were applied during the coal gas usage process. Thus, we assumed that all Hg in 190 the coal gas was emitted to air. (Table S4 ). Hg removal efficiencies and speciation 194 profiles of APCDs (Table S4) Hg input to ISP increased from 21.6 t in 2000 to 94.5 t in 2015 (Fig. 2) . The peak of Hg 208 input was in 2014 when the crude steel production reached the highest value (Table S3) input. Hg in the iron block was in the range of 0.6-3.6 t. Hg input due to the use of steel scrap 217 and alloy was 4.1 t in 2015, accounting for 4% of national total. However, steel scrap and 218 alloy contributed 7% of total crude steel production in 2015 (CISIA, 2016) . 219
Hg emission trends 3.2 220
Hg emission trends by process 3.2.1 221 Atmospheric Hg emissions from ISP increased from 11.5 t in 2000 to 32.7 t in 2015 (Fig.  222 3). The peak of emissions was in 2013 when the emissions reached 35.6 t. In 2015, emissions 223 from long process steel making method and short process steel making were 32.2 t and 0.5 t, 224 accounting for 98.3% and 1.7% of national total, respectively. Thus, emissions from long 225 process steel making were still the dominant emission process of China's ISP. Among the 226 processes, emissions from sinter/pellet plant accounted for 42%-49% of annual total. Its 227 emissions increased from 4.8 t in 2000 at the AAGR of 10.1% and reached 15.9 t in 2015. 228
Blast furnace was also significant Hg emission process. Its emissions increased from 1.9 t in 229 2000 to 7.9 t in 2015 at AAGR of 10.0%. AAGR for roasting plant and coke oven was 8.3% 230 and 1.2%. In 2015, both emissions from roasting plant and coke oven were 3.5 t, respectively. 231
The slower AAGR of Hg emissions (7.2%) than that of crude steel production (13%) 232 (Fig. 4) 
Uncertainty analysis 3.3 286
In 2015, overall uncertainty of atmospheric Hg emissions from ISP was in the range of 287 (-29%, 77%) ( were much lower, (-49%, 48%) for coke oven, (-23%, 46%) for blast furnace, (-41%, 27%) 296 for oxygen steel making, and (-60%, 54%) for arc steel making. 297
Comparison and implications 3.4 298
Due to the complicated ISP processes and limitations of data availability, the process 299 combinations considered in different inventories were divided into four types ( . In these studies, unique emission factor of 0.0400 g/t was applied 304 (Table S5) and their emissions were similar in the same inventory year. Our emissions for this 305 process combination were almost the same as above estimations around 2005. However, the 306 gap grew with time when FGD was gradually applied in sinter/pellet plant. Therefore, 307 emission factor for this type of combination was reduced from 0.0527 g/t in 2000 to 0.0296 308 g/t in 2015 ( Table S5 ). The second type also consisted of steel making in addition to the first 309 type. Our estimation was much higher than the study of Wang K. et al. (2016) Fig. 6 ). However, if these two 330 processes were not considered, we will observe a decreasing trend (Green and orange line in 331 atmospheric Hg emissions in ISP will be reduced to 27 t in 2020. Thus, a decreasing trend 364 will be expected from 2015 to 2020. Such conclusion is opposite with the study using 365 transformed normal distribution method . In this study, the transformed 366 normal distribution function was applied to estimate atmospheric Hg emissions from ISP. By 367 using such semi-quantitative method, the emission factor in 2020 (0.0402 g/t for long process 368 and 0.0211 g/t for short process) was almost the same as that in 2015 (0.0403 g/t for long 369 process and 0.0212 g/t for short process). Thus, atmospheric Hg emissions in 2020 will 370 almost depend on crude steel production and the emissions in 2020 will reach 40 t at the 371 conservative situation. Therefore, the technology-based emission factor method will provide 372 more objective forecast of future emissions. In 2015, emissions from long process steel making method and short process steel 384 making were 32.2 t and 0.5 t, accounting for 98.3% and 1.7% of national total, respectively. 385
Sinter/pellet plant and blast furnace were the largest two emission processes, accounted for 49% 386 and 24% of national emissions, respectively. However, emissions from roasting and coke 387 oven should cause attention because their emissions accounted for 22% of national emissions. 388
The largest five Hg emission provinces were Hebei, Shandong, Henan, Jiangsu, and Shanxi 389 provinces. Emissions from these provinces reached 21. 
